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Data were  generated to a s s i s t  in  the init ial  sizing of vehicles 
f o r  lunar and interplanetary missions.  
concerning c i r c u l a r  orb i t s  from 0 to 40,000 k m  altitude. Section B is 
a s e r i e s  of graphs  f o r  t r ans fe r  f r o m  c i r c u l a r  orb i t s  of 0 to  400 k m  
alt i tude to other  c i r c u l a r  orbits of alt i tudes up to 40,000 km alt i tude.  
The velocity required to  en ter  a given t r a n s f e r  ell ipse and a l s o  the 
velocity requi red  to  c i rcular ize  at apogee of the t r ans fe r  e l l ipse are given. 

Section A is  a series of graphs  
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DEFINITION O F  SYMBOLS 

Definition 

Semi-major  ax is ,  km 

Semi-minor  ax is ,  km 

Eccentr ic i ty  

Apocenter alt i tude,  km 

Ci rcu la r  orbi ta l  alt i tude,  km 

Pe r i cen te r  alt i tude,  km 

P a r a m e t e r  

Apocenter radius ,  km 

Equator ia l  radius ,  6378.27 krn 

C i rcu la r  orbi ta l  radius ,  km 

P e r i c e n t e r  radius ,  km 

Orbi ta l  per iod,  min  

Apocenter velocity, k m /  s e c  

C i rcu la r  orbi ta l  velocity, k m /  sec  

Per icente  r velocity, km / s ec  

Charac te r i s t ic  velocity, km / s e c  

Ea r th  gravitational constant,  398,606.6 km3/sec2  

X 
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SUMMARY 

Data were  generated to a s s i s t  in  the init ial  sizing of vehicles 
'Cor lunar  and interplanetary missions.  
concerning c i r c u l a r  orbi ts  f r o m  0 to 40 ,000  km alt i tude.  
a s e r i e s  of graphs  fo r  t r ans fe r  from c i r c u l a r  orbi ts  of 0 to 400 km 
alt i tude to other  c i r cu la r  orbi ts  of alt i tudes up to 40, 000 km altitude. 
The velocity requi red  to  enter  a given t r ans fe r  e l l ipse and a l so  the 
velocity requi red  to  c i rcu lar ize  at apogee of the t r ans fe r  e l l ipse a r e  given 

Section A is a s e r i e s  of graphs  
Section B is  0 

INTRODUCTION 

A s e r i e s  of graphs of various orb i ta l  e lements  about the ea r th  
f o r  orb i t s  of 0 to 40, 000 km altitude is  presented  in this repor t .  The 
velocity requi red  to en ter  a t ransfer  e l l ipse can  be readi ly  determined,  
a l s o ,  the velocity required to c i rcu lar ize  at apocenter  of the t r a n s f e r  
e l l ipse .  These  data will a s s i s t  in determining the capability requi red  
f o r  a vehicle to  accomplish an  ear th  miss ion ,  and a lunar  o r  interplanetary 
mis s ion  via  E a r t h  Orbit  Rendezvous Mode. 

DISCUSSION 

A s e r i e s  of graphs of various orb i ta l  e lements  about the ea r th  
f o r  o rb i t s  f r o m  0 to 40 ,000  km altitude is  presented  in  this repor t .  
da ta  is divided into two distinct categories:  Section A is a s e r i e s  of 

The 



graphs  for  c i r cu la r  orbi ts  f r o m  0 to 40 ,000  k m  alt i tude; Section B i s  a 
s e r i e s  of graphs f o r  eccentr ic  orbi ts  with per icenter  alt i tude lying in 
the 0 to 400 km altitude range and whose apocenter  altitude l ies  in  the 
1 ,000  to 4 0 , 0 0 0  km altitude range. 

The total  velocity requi red  to t r ans fe r  f rom one c i r cu la r  orbi t  
to  another c i rcu lar  orbi t  (F igure  1) is given in  two par t s :  p a r t  one is the 
t r a n s f e r  velocity, i. e . ,  the difference between the init ial  c i r cu la r  orbi t  
velocity and the per icenter  velocity of the t r ans fe r  e l l ipse;  pa r t  two is 
the ci rcular izat ion velocity; i. e . ,  the difference between the apocenter  
veloci ty  of the t r ans fe r  e l l ipse and the velocity of the final c i r cu la r  
orb i t .  
i nc remen t  needed f o r  the manuever .  

The addition of pa r t s  one and two then will give the total  velocity 

The data were  computed using the following equations: 

Semi-major  ax i s  

r r -A=- a 
1 - e  l t e  a -  

Eccentr ic i ty  

a 

a 

r - r  v - v  
v + v  r t r  

- - a 

a P  P 
e =  

F o r  evaluation of the pa rame te r  

p = a(1 - e’) = r (1 t e) P 

Apocenter radius  (distance f r o m  focus to  apocenter) 

ra = a (1  t e) -P - 
1 - e  

Pe r i cen te r  radius  (distance f r o m  focus to per icenter )  

-2 
e ) - l t e  r = a(l  - 

P 

(3)  

(4) 

(5) 
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1 

Orbital  per iod 

P = 2Tr - = 2T 

F o r  evaluation of speed a t  apocenter 

F o r  evaluation of speed at per icenter  
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ILLUSTRATIONS 
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FIGURE 1. GEOMETRY O F  THE ORBITAL PARAMETERS 
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PERICENTER ALTITUDE, hp (km) 

FIGURE 2a. VELOCITY VERSUS PEFUCENTER ALTITUDE WITH APOCENTER ALTITUDE 
FOR PERICENTER VELOCITIES AND APOCENTER ALTITUDE FOR APOCENTER 

VELGCITIES AS PARAMETERS 
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PERICENTER ALTITUDE, hp (km) 

FIGURE 2b. VELOCITY VERSUS PERICENTER ALTITUDE WITH APOCENTER ALTITUDE 
FOR PERICENTER VELOCITIES AND APOCENTER ALTITUDE FOR APOCENTER 

VELOCITIES AS PARAMETERS 

... 



FIGURE 2c .  VELOCITY VERSUS PERICENTER ALTITUDE WITH APOCENTER ALTITUDE 
FOR PERICENTER VELOCITIES AND APOCENTER ALTITUDE FOR APOCENTER 

VELOCITIES AS PARAMETERS 
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FIGURE 2d. VELOCITY VERSUS PERICENTER ALTITUDE WITH APOCENTER ALTITUDE 
FOR PERICENTER VELOCITIES AND APOCENTER ALTITUDE FOR APOCENTER 

VELOCITIES AS PARAMETERS 
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FIGURE 2 e .  VELOCITY VERSUS PERICENTER ALTITUDE WITH APOCENTER ALTITUDE 
FOR PERICENTER VELOCITIES AND APOCENTER ALTITUDE FOR APOCENTER 

VELOCITIES AS PARAMETERS 
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PERICENTER ALTITUDE, hp (km) 

FIGURE 2f. VELOCITY VERSUS PERICENTER ALTITUDE WITH APOCENTER ALTITUDE 
FOR PERICENTER VELOCITIES AND APOCENTER ALTITUDE FOR APOCENTER 

VELOCITIES AS PARAMETERS 
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PERICENTER ALTITUDE, hp (km) 

FIGURE 2g. VELOCITY VERSUS PERICENTER ALTITUDE WITH APOCENTER ALTITUDE 
FOR PERICENTER VELOCITIES AND APOCENTER ALTITUDE FOR APOCENTER 

VELOCITIES AS PARAMETERS c 
9 
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FIGURE 3a. 
VERSUS 

VELOCITY REQUIRED FOR TRANSFER FROM A CIRCULAR TO AN ECCENTRIC ORBIT 
CIRCULAR ORBIT ALTITUDE WITH APOCENTER ALTITUDE AS A PARAMETER Iv 
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FIGURE 3b. VELOCITY 
VERS US CIRCULAR 

~ ~~ 

REQUIRED FOR TRANSFER FROM A CIRCULAR TO AN ECCENTmC ORBIT 
ORBIT ALTITUDE WITH APOCENTER ALTITUDE AS A PARAMETER 



FIGURE 3c. VELOCITY REQUIRED FOR TRANSFER FROM A CIRCULAR TO AN ECCENTRIC ORBIT 

N 
VI 

VERSUS CIRCULAR ORBIT ALTITUDE WITH APOCENTER ALTITUDE AS A PARAMETER 
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FIGURE 3d. VELOCITY REQUIRED FOR TRANSFER FROM A CIRCULAR TO AN ECCENTRJC ORBIT 
VERSUS CIRCULAR ORBIT ALTITUDE WITH APOCENTER ALTITUDE AS A PARAMETER 
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FIGURE 3 e .  VELOCITY REQUIRED FOR TRANSFER FROM A CIRCULAR TO AN ECCENTRIC ORBIT 
VERSUS CIRCULAR ORBIT ALTITUDE WITH APOCENTER ALTITUDE AS A PARAMETER 



FIGURE 3f. VELOCITY REQUIRED FOR TRANSFER FROM A CIRCULAR TO AN ECCENTRIC ORBIT 
VERSUS CIRCULAR ORBIT ALTITUDE WITH APOCENTER ALTITUDE AS A PARAMETER 
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FIGURE 3g. VELOCITY REQUIRED FOR TRANSFER FROM A CIRCULAR TO AN ECCENTRIC ORBIT 
VERSUS CIRCULAR ORBIT ALTITUDE WITH APOCENTER ALTITUDE AS A PARAMETER 
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FIGURE 4a. ORBITAL PERIOD VERSUS PERICENTER ALTITUDE WITH 
APOCENTER ALTITUDE AS A PARAMETER 
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ul 



PEWCENTER. ALTITUDE, hp (km) 

FIGURE 4b. ORBITAL PERIOD VERSUS PEEUCENTER ALTITUDE WITH 
APOCENTER ALTITUDE AS A PARAMETER w 
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FIGURE 4 ~ .  ORBITAL PERIOD VERSUS PERICENTER ALTITUDE WITH 
APOCENTER ALTITUDE AS A PARAMETER 
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FIGURE 4d. ORBITAL PERIOD VERSUS PERICENTER ALTITUDE WITH 
APOCENTER ALTITUDE AS A PARAMETER 
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PERICENTER ALTITUDE, hp (km) 

FIGURE 4e. ORBITAL PERIOD VERSUS PERICENTER ALTITUDE WITH 
APOCENTER Ai,‘l’iTUDE AS A PARAMETER 
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PE;RICENTER ALTITUDE, hp (km) 

FIGURE 4f. ORBITAL PERIOD VF:TI.SUS FERICENTER ALTITUDE WITH 
APOCEPJTER AL;:l LJDL A A PARAMETER 
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PEFUCENTER ALTITUDE, hp (km) 

FIGURE 4g. GRRITAL PERIOD VERSUS PEFUCENTER ALTITUDE WITH 
APOCENTER ALTI? UDE AS A PARAMETER c 
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FIGURE 5a. SEMI-MAJOR AXIS VERSrJ;j PERICENTER ALTITUDE WITH APOCENTER 
ALTITUDE AS A PARAMETER 

P 
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PERICENTER ALTITUDE, hp (km) 

FIGURE 5b. SEMI-MAJOR AXIS xJE;i7 SVS PENCENTER ALTITUDE WITH APOCENTER 
ALTITUDE AS A PARAMETER 



a 

FIGURE 5~ SE:b2I.-?tI*'SQR AXIS VERSUS PENCENTER ALTITUDE WITH APOCENTER 
ALTITUDE AS A PARAMETER 
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FIGURE 5d. SEMI -MAJOR AXIS VZA% XJS PERICENTER ALTITUDE WITH APOCENTER 
ALTITUDE AS A PARAMETER 

UI 
UI 



FIGURE 5e. SEMI-MA.JOR AXIS VEriS U5 PEFUCENTER ALTITUDE WITH APOCENTER 
ALTITUDE AS A PARAMETER 
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PERICENTER ALTITUDE, hp (km) 

FIGURE 5 f .  SEMI-MAJOR AXIS VERSUS PERIGENTER ALTITUDE WITH APOCENTER 
VI ALTITUDZ AS A PARAMETER 9 



P E W C E N T E R  ALTITUDE, hp (km) 

FIGURE 5g. SEMI-MAJOR AXIS VERSUS P E R i C E N T E R  ALTITUDE WITH APOCENTER 
A L T I T U D i  AS A PARAMETER 
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PERICENTER ALTITUDE, hp (km) 

FIGURE 6a. EC;CEI'i'i'R1CI?'Y VERSUS PYFUCENTER ALTITUDE WITH -4POCENTER 
ALTITUDE AS A PARAMETER 
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PERICENTER ALTITUDE, hp (km) 

FIGURE 6b. LCCEh'SXICITY VERSUS PERICENTER ALTITUDE WITH APOCENTER 
ALTITUDE A S  A PARAMETER 



PERICENTER ALTITUDE, hp (km) 

FIGURE 6 c .  ECCENTRICITY VERSUS PELXICENTER ALTITUDE WITH APOCENTER 
ALTITUDE AS A PARAMETER 



FIGURE 6d. ECCENTRICITY VERSUS PERICENTER ALTITUDE WITH APOCENTER 
ALTITUDE AS A PARAMETER 
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FIGURE 6 e .  FZCEN'TIGCiTY VERSUS PERICENTER ALTITUDE WITH APOCENTER 
A L I 1 ' i ' U L . G  AS k PARAMETER 



FIGURE 6f .  ECCENTRICITY VERSUS 
ALTITUDE 

PERICENTER ALTITUDE W I T H  APOCENTER 
AS A PARAMETER 
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PERICENTER ALTITUDE, hp (km) 

FIGURE 6g. ECCENTRICITY VERSUS 
ALTITUDE 

~~ 

PERICENTER ALTITUDE WITH APOCENTER 
AS A PARAMETER 



P 

77 

ILLUSTRATIONS 

SECTION B 



FIGURE la. VELOGITY VERSUS PERICENTER ALTITUDE WITH APOCENTER ALTITUDE 
FOR PENCENTER VELOCITIES APX) APOGEIL’TER ALTITUDE FOR APOCENTER 

VELOCITIES AS PARAMETERS 4 
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PERICENTER ALTITUDE, hp (km) 

FIGURE lb. VELOCITY VERSUS PERICENTER ALTITUDE WITH APOCENTER ALTITUDE 
FOR PEFUCENTER VELOCITIES A N I  APOCENTER ALTITUDE FOR APOCENTER 

VELOCITIES AS PARAMETERS 



FIGURE IC. VELOCITY VERSUS PERICENTER ALTITUDE WITH APOCENTER ALTITUDE 
FOR PERICENTER VELOCITIES AND APOCENTER ALTITUDE FOR APOCENTER 

VELOCITIm AS PARAMETERS 



PERICENTER ALTITUDE, hp (km) 

FIGURE Id. VELOCITY VERSUS PERICENTER ALTITUDE WITH APOCENTER ALTITUDE 
FOR PERICENTER VELOCITIES AND APOCENTER ALTITUDE FOR APOCENTER 

VELOCITIES AS PARAMETERS 



PERICENTER ALTITUDE, hp (km) 

FIGURE le. VELOCITY VERSUS PERICENTER ALTITUDE WITH APOCENTER ALTITUDE 
F O R  PERICENTER VELOCITIES AND AFOCENTER ALTITUDE F O R  APQCENTER 

VELOCITIES AS PARAMETERS 
00 
4 



CIRCULAR ORSIT ALTITUDE, hK (km) 

FTGURE 2a. VELOCITY REQUlRED FOR TIu4N,":T;EK FROM A CIRCULAR TO AN ECCENTRIC ORBIT 
VERSUS CIRCULAR ORBIT ALTITUDE W1Ti-I APGC:E:NTER ALTITUDE AS A PARAMETER 
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FIGURE 2b. VELOCITY REQUIRED FOR TF.AWSFER FROM .A CIRCULAR TO AN ECCENTRIC ORBIT 
VERSUS CIRCULAR ORBIT ALTITUGE T;lrlk3 APOCEATER ALTITUDE AS A PARAMETER 



FIGURE 2c. VELOCITY REQUIRED rat TRAMWER FROM A CIRCULAR TO AN ECCENTEUC ORBIT 
VERSUS CIRCULAR ORBIT ALTITUDE WITH APOCENTER ALTITUDE AS A PARAMETER 9 

W 
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FIGURE 2d. VELOCITY REC;i;lhET) YGK TISAEI’Si;;’2 .c ROM A CIRCULAR TO AN ECCENTRIC ORBIT 
VERSUS CIRCULAR OXBIT ALTITUDL a;i i’H APUCENTEK ALTITUDE AS A PARAMETER 
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CIRCULAR ORBIT ALTITUDE, hK (km) 

FIGURE 2e. VELOCITY REQUIRED FOR TRANSFER FROM A CIRCULAR TO AN ECCENTRIC ORBIT 
VERSUS CIRCULAR ORBIT ALTITUDE WITH APOCENTER ALTITUDE AS A PARAMETER 
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FIGURE 3a. ORBITAL PERTOD VERSUS PERICENTER ALTITUDE WITH 
APOCENTER ALTITUDE AS A PARAMETER 9 

9 
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FIGURE 3b. ORBITAL PERIOD VERSUS PERICENTER ALTITUDE WITH 
APOCENTER ALTITUDE AS A PARAMETER 



FIGURE 3 c .  ORBITAL PERIOD VERSUS PENCENTER ALTITUDE WITH 
APOCENTER ALTITUDE AS A PARAMETER 
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PERICENTER ALTITUDE, hp (km) 

FIGURE 3d. ORBITAL PERIOD VERSUS PERICENTER ALTITUDE WITH 
APOCENTER ALTITUDE AS A PARAMETER 



PENCENTER ALTITUDE, hp (km) 

FIGURE 3e .  ORBITAL PERIOD VERSUS PENCENTER ALTITUDE WITH 
APOCENTER ALTITUDE AS A PARAMETER 
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PERICENTER ALTITUDE, hp (km) 

FIGURE 4a. ECCENTRICITY VERSUS PERICENTER ALTITUDE WITH APOCENTER 
ALTITUDE AS A PARAMETER 
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PERICENTER ALTITUDE, hp (km) 

FIGURE 4b. ECCENTRICITY VERSUS PERICENTER ALTITUDE WITH APOCENTER 
ALTITUDE AS A PARAMETER 
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PERICENTER ALTITUDE, hp (km) 

FIGURE 4c. ECCENTMCITY VERSUS PERICENTER ALTITUDE WITH APOCENTER 
ALTITUDE AS A PARAMETER 
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PERICENTER ALTITUDE, hp (km) 

FIGURE 4d. ECCENTRICITY VERSUS FEFUCENTER ALTITUDE WITH APOCENTER 
ALTITUDE AS A PARAMETER 



PERICENTER ALTITUDE, hp (km) 

FIGURE 4e. ECCENTRICITY VERSUS PERICENTER ALTITUDE WITH APOCENTER. 

E ALTITUDE AS A PARAMETER 
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FIGURE 5a. SEMI-MAJOR AXIS VERSUS PERICENTER ALTITUDE WITH APOCENTER 
ALTITUDE AS A PARAMETER 



FIGURE 5b. SEMI-MAJOR AXIS VERSUS PERICENTER ALTITUDE WITH APOCENTER 
ALTITUDE AS A PARAMETER 
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PERICENTER ALTITUDE, hp (km) 

FIGURE 5 ~ .  SEMI-MAJOR AXIS VERSUS PERICENTER ALTITUDE WITH APOCENTER 
ALTITUDE AS A PARAMETER tc; w 
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PERICENTER ALTITUDE, hp (km) 

FIGURE 5d. SEMI-MAJOR AXIS VERSUS PERICENTER ALTITUDE WITH APOCENTER 
ALTITUDE AS A PARAMETER G 

VI 



0 

PERICENTER ALTITUDE, hp (km) 

FIGURE 5e. SEMI-MAJOR AXIS VERSUS PERICENTER ALTITUDE WITH APOCENTER 
ALTITUDE AS A PARAMETER 
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FIGURE 6a. THE CHARACTERISTIC VELOCITY REQUIRED FOR CIRCULARIZATION 
VERSUS CIRCULARIZATION ALTITUDE WITH PERICENTER ALTITUDE O F  

THE TRANSFER ELLIPSE AS A PARAMETER 
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FIGURE 6b. THE CHARACTERISTIC VELOCITY REQUIRED FOR CIRCULARIZATION 
VERSUS CIRCULARIZATION ALTITUDE WITH PERICENTER ALTITUDE O F  

THE TRANSFER ELLIPSE AS A PARAMETER 
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FIGURE 6c. THE CHARACTERISTIC VELOCITY REQUIRED FOR CIRCULARIZATION 
VERSUS CIRCULARIZATION ALTITUDE WITH PERICENTER ALTITUDE O F  

THE TRANSFER ELLIPSE AS A PARAMETER P w 
W 



CIRCULARIZATION ALTITUDE, hK (km) 

FIGURE 6d. THE CHARACTERISTIC VELOCITY REQUIRED FOR CIRCULARIZATION 
VERSUS CIRCULARIZATION ALTITUDE WITH PERICENTER ALTITUDE O F  

THE TRANSFER ELLIPSE AS A PARAMETER 



CIRCULARIZATION ALTITUDE, hK (km) 

FIGURE 6e.  THE CHARACTENSTIC VELOClTY REQUIRED FOR CIRCULARZZATION 
VERSUS CIRCULARIZATION ALTITUDE WITH PENCENTER ALTITUDE O F  

THE TRANSFER ELLIPSE AS A PARAMETER 
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